have greatly increased litter size with traditional BLUP selection and have adopted genomic selection methodology. To unlock the genetic factors contributing to lifetime productivity, a principal component analysis was conducted, which included a number of key phenotypes associated with productivity. Phenotypes on 1633 sows included lifetime number born, born alive and weaned, days in production, final parity, average litter birth weight, average litter weaning weight, age at puberty, Day 140 weight, and Day 140 backfat measurements. Analysis indicated strong correlations among lifetime number of piglets born (total, alive, and weaned) with final parity and days in the herd, moderate correlations among lifetime performance traits (pigs born and weaned) with average litter weights (birth and weaning), and virtually no correlation among lifetime performance and Day 140 measurements or age at puberty in these data. Lack of association between age at puberty and lifetime performance is likely due to population management, as all retained gilts reached puberty early. Genome-wide association analyses were performed using GEN-SEL for five principal components (PC1 to PC5) that describe the most variation. PC1 was the primary component affiliated with lifetime performance traits and accounted for 54% of the phenotypic variation. PC1 had a genomic heritability of 0.19 with marker associations residing on chromosomes 5, 12, 14, 15, and X. These results identified considerable genetic variation for sow lifetime performance, indicating selection should be very effective at improving this trait. Genomic selection would enable ranking potential replacement animals early in life and increase the accuracy of selection. USDA is an equal opportunity provider and employer. Approximately 50% of sows are culled annually with more than one-third due to poor fertility. Our research demonstrated that age at puberty is an early pre-breeding indicator of reproductive longevity. Age at puberty can be measured early in life, has a moderate heritability, and is negatively correlated with lifetime number of parities. Detection of age at puberty is tedious and time consuming and is therefore not collected by the industry, which limits genetic progress. Genomic prediction is a viable approach to preselect gilts that will express puberty early and have superior reproductive longevity. The hypothesis that genetic variants explaining differences in age at puberty also explain differences in sow reproductive longevity was tested. Phenotypes, genotypes, and tissues from the UNL resource population (n > 1700) were used in genome-wide association analyses, genome, and RNA sequencing to uncover functional polymorphisms that could explain variation in puberty and reproductive longevity. A BeadArray including 56,424 SNP explained 25.2% of the phenotypic variation in age at puberty in a training set (n = 820). Evaluation of major windows and SNPs of subsequent batches of similar genetics (n = 412) showed that if all SNPs located in the major 1-Mb windows were tested, they explained a substantial amount of phenotypic variation (12.3 to 36.8%). Due to differences in linkage disequilibrium status, the most informative SNP from these windows explained a lower proportion of the variation (6.5 to 23.7%). To improve genomic predictive ability, the limited capability of BeadArray was enhanced by potential functional variants uncovered by genome sequencing of selected sires (n = 20; >20X). There were 11.2 mil. SNPs and 2.9 mil. indels discovered across sires and reference genomes. The role of gene expression differences in explaining phenotypic variation in age at puberty was investigated by RNA sequencing of the hypothalamic arcuate nucleus (ARC) in gilts (n = 37) with different pubertal statuses. Seventy genes, including genes involved in reproductive processes, were differentially expressed between gilts with early and late puberty status (P adj < 0.1). Dietary restriction of energy 3 mo before breeding delayed puberty by 7 d but improved the potential of a sow producing up to three parities (P < 0.05). Energy restriction was associated with differential expression in 42 genes in the ARC, including genes involved in energy metabolism. This integrated genomic information will be evaluated in commercial populations to improve the reproductive potential of sows through genomic selection. This project is supported by AFRI Competitive grant no. 2013-68004-20370 
